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A BRAKE HYDRAULIC PRESSURE CONTROLLER FOR A VEHICLE 

BACKGROUND OF THE INVENTION 
The present invention relates to a brake hydraulic 
5 pressure controller for a vehicle comprising a pump for refluxing 
a brake fluid to a master cylinder, an electric motor which 
operates to drive the pump byway of power supply from a battery, 
and a control unit for controlling an energization amount to 
the electric motor by using an energization duty factor 
10 predetermined in accordance with the voltage of the battery. 

Such a brake hydraulic pressure controller for a vehicle 
is known from the Unexamined Japanese Patent Application 
Publication No, 2001-71877. 

The above-mentioned brake hydraulic pressure controller 
15 for a vehicle performs duty control of the energization amount 
to the electric motor in accordance with a variation in the 
battery voltage to reduce the operation sound while limiting 
the rotation speeds of the electric motor and the pumps so that 
they will not exceed the necessary values . While a starting 
20 torque is necessary to start an electric motor, the starting 
torque necessary to start the electric motor may not be obtained 
in the above-mentioned brake hydraulic pressure controller for 
a vehicle* Conversely, in case a duty factor i$ determined 
considering also the start of an electric motor, the steady 
25 rotation speed of the electric motor becomes higher than 
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necessary. 

SUMMARY OF THE INVENTION 
The invention is accomplished in view of the above 
5 circumstances and aims at providing a brake hydraulic pressure 
controller for a vehicle where a start delay of an electric 
motor is prevented by reducing the operation sound in steady 
rotation of the electric motor while obtaining a necessary start 
torque in starting the electric motor. 

10 In order to attain the above ob j ect , the invention provides 

a brake hydraulic pressure controller for a vehicle comprising 
a pump for refluxing a brake fluid to a master cylinder/ an 
electric motor which operates to drive the pump by way of a 
power supply from a battery, and a control unit for controlling 

15 an energization amount to the electric motor by using an 
energization duty factor predetermined in accordance with the 
voltage of the battery, characterized in that the control unit 
keeps the energization duty factor to the electric motor at 
100% until a predetermined time elapses and thereafter executes 

20 control of the energization duty factor in accordance with the 
voltage of the battery . 

With this configuration, from when the electric motor 
is started to when the predetermined time elapses, the 
energization duty factor of the electric motor is 100% 

25 irrespective of the battery voltage* Thus it is possible to 
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prevent a start delay of the electric motor by ensuring that 
a necessary start torque is obtained. When the electric motor 
reaches a steady rotation by the elapse of the predetermined 
time, the energization amount to the electricmotor is controlled 
5 by using the duty factor in accordance with the battery voltage, 
which prevents the rotation speeds of the electric motor and 
the pumps from becoming higher than necessary thus reducing 
the operation sound and saving power consumption. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a hydraulic circuit of a braking unit for 
a vehicle; 

Fig. 2 shows the configuration of an electric circuit 
for controlling the rotation speed of an electric motor; 
15 Fig. 3 shows the energization control mode for the electric 

motor; 

Fig. 4 shows the relationship between the energization 
duty factor and the discharge amount using an applied voltage 
as a parameter in the state where the output hydraulic pressure 
20 of a master cylinder is highest; and 

Fig. 5 shows a map of the applied voltage and the duty 
factor. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 An embodiment of the invention will be described referring 
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to the attached drawings - 

Figs* 1 through 5 show an embodiment of the invention. 
Fig. 1 shows a hydraulic circuit of a braking unit for a vehicle . 
Fig, 2 shows the configuration of an electric circuit for 
5 controlling the rotation speed of an electric motor. Fig. 3 
shows the energization control mode for the electric motor. 
Fig. 4 shows the relationship between the energization duty 
factor and the discharge amount using an applied voltage as 
a parameter in the state where the output hydraulic pressure 

10 of a master cylinder is highest. Fig. 5 shows a map of the 
applied voltage and the duty factor. 

First, in Fig. 1, a tandem- type master cylinderMcomprises 
a first and a second output port 1A, IB which each generates 
a brake hydraulic pressure in accordance with a leg-power a 

15 vehicle driver applies on a brake pedal P. A brake hydraulic 
pressure controller 4 is provided between a wheel brake for 
the left front wheel 2A, wheel brake for the right rear wheel 
2B, wheel brake for the right front wheel 2C, wheel brake for 
the left rear wheel 2D and a first and a second output hydraulic 

20 passage 3A, 3B individually connected to the first and second 
output ports 1A, IB. A first and a second proportional pressure 
control valve 5A, 5B are respectively interposed between the 
brake hydraulic pressure controller 4 and the wheel brakes for 
the right and left rear wheels 2B, 2D, 

25 The brake hydraulic pressure controller 4 comprises: a 
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first, a second, a third and a fourth normally open solenoid 
valve 6A through 6D individually corresponding to the wheel 
brake for the left front wheel 2A, wheel brake for the right 
rear wheel 2B, wheel brake for the right front wheel 2C and 
5 wheel brake for the left rear wheel 2D; a first, a second, a 
third and a fourth check valve 7A through 7D respectively 
connected in parallel with the normally open solenoid valves 
6A through 6D; a first, a second, a third and a fourth normally 
closed solenoid valve 8A through 8D individually corresponding 

10 to the wheel brakes 2A through 2D; a first and a second reservoir 
9A, 9B respectively corresponding to the first and second output 
hydraulic passages 3A, 3B; a first and a second plunger-type 
pump 10A, 10B having suction valves 11A, 11B connected to the 
first and second reservoirs 9A, 9B and discharge valves 13A, 

15 13B; a common electric motor 12 for driving both pumps 10A, 
10B; orifices 14A, 14B provided between the both pumps 10A, 
10B and the both output hydraulic passages 3A, 3B; and a control 
unit 16 for controlling the operation of the normally open 
solenoid valves 6A through 6D, normally closed solenoid valves 

20 8A through 8D and the electric motor 12* 

The first normally open solenoid valve 6A is provided 
between the first output hydraulic passage 3A and the wheel 
brake for the left front wheel 2A. The second normally open 
solenoid valve 6B is provided between the first output hydraulic 

25 passage 3A and the first proportional pressure control valve 
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5A. The third normally open solenoid valve 6C is provided 
between the second output hydraulic passage 3B and the wheel 
brake for the right front wheel 2C. The fourth normally open 
solenoid valve 6D is providedbetween the second output hydraulic 

passage 3B and the second proportional pressure control valve 

5B. 

The first through fourth check valves 7A through 7D are 
connected in parallel with the normally open solenoid valves 
6A through 6D so as to allow the flow of a brake fluid from 
the corresponding wheel brakes 2A through 2D to the master 
cylinder M. 

The first normally closed solenoid valve 8A is provided 
between the wheel brake for the left front wheel 2A and the 
first reservoir 9A. The second normally closed solenoid valve 
8B is provided between the first proportional pressure control 
valve 5A and the first reservoir 9A. The third normally closed 
solenoid valve 8C is provided between the wheel brake for the 
right front wheel 2C and the second reservoir 9B, The fourth 
normally closed solenoid valve 8D is providedbetween the second 
proportional pressure control valve 5B and the second reservoir 
9B. 

The brake hydraulic pressure controller 4 communicates 
the master cylinder M with the wheel brakes 2A through 2D in 
the steady braking where there is no possibility of lock for 
each wheel while interrupts the wheel brakes 2A through 2D from 
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the reservoirs 9A, 9B« In other words , the normally open 
solenoid valves 6A through 6D are placed in the demagnetized 
and open state while the normally closed solenoid valves 8A 
through 8D are placed in the demagnetized and closed state, 
5 The brake hydraulic pressure output from the first output port 
1A of the master cylinder M acts on the wheel brake for the 
left front wheel 2 A via the first normally open solenoid valve 
6A as well as acts on the wheel brake for the right rear wheel 
2B via the second normally open solenoid valve 6B and the first 

10 proportional pressure control valve 5A. The brake hydraulic 
pressure output from the second output port IB of the master 
cylinder M acts on the wheel brake for the right front wheel 
2C via the third normally open solenoid valve 6C as well as 
acts on the wheel brake for the left rear wheel 2D via the fourth 

15 normally open solenoid valve €D and the second proportional 
pressure control valve SB. 

When a wheel which is likely to become locked in the above 
braking, the brake hydraulic pressure controller 4 interrupts 
the master cylinder M from the wheel brakes 2A through 2D at 

20 a point corresponding to the wheel which is likely to become 
locked as well as communicates the wheel brakes 2A through 2D 
with the reservoirs 9A, 9B. In other words, the normally open 
solenoid valve out of the first through fourth normally open 
solenoid valves 6A through 6D corresponding to a wheel which 

25 is likely to become locked is magnetized and closed while the 
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normally closed solenoid valve out of the first through fourth 
normally closed solenoid valves 8A through 8D corresponding 
to the wheel is magnetized and opened. With this process, part 
of the brake hydraulic pressure of the wheel which is likely 
5 to become locked is absorbed in the first reservoir 9A or second 
reservoir 9B thereby reducing the brake hydraulic pressure of 
the wheel which is likely to become locked. 

To keep the brake hydraulic pressure constant, the brake 
hydraulic pressure controller 4 interrupts the wheel brakes 

10 2A through 2D from the master cylinder M and the reservoirs 
9A f 9B. In other words, the normally open solenoid valves 6A 
through 6D are magnetized and closed while the normally closed 
solenoid valves 8A through 8D are demagnetized and closed. When 
the brake hydraulic pressure is increased, the normally open 

15 solenoid valves 6A through 6D are demagnetized and opened while 
the normally closed solenoid valves 8A through 8D are 
demagnetized and closed. 

In this way, by controlling demagnetization and 
magnetization of the normally open solenoid valves 6A through 

20 6D and the normally closed solenoid valves 8A through 8D, it 
is possible to control the wheels without locking them. 

In Fig. 2, the power from a battery 18 undergoes 
energization control by a control unit 16 and then supplied 
to an electric motor 12. The control unit 16 comprises a 

25 switching device 12 such as an FET provided between the battery 
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18 and the electric motor and a CPU 20 for controlling 
conduction/ interruption of the switching device 19 via abooster 
circuit 21 for boosting a voltage. 

To the CPU 20 is connected the battery 18 to monitor the 
5 voltage of the battery 18- The CPU controls 

conduction/interruption of the switching device 19 so that, 
at the start of the electric motor 12, the energization duty 
factor to the electric motor 12 is kept at 100% until a 
predetermined time T, for example 100 ms elapses, and thereafter 
10 the energization duty factor in accordance with the voltage 
of the battery 18 is obtained. 

As shown in Fig. 3, from when the electric motor 12 is 
started to when the predetermined time T elapses, a drive signal 
to keep the switching device 19 in conduction is output from 
15 the CPU 20, Accordingly, a voltage applied to the electric 
motor 12 by the battery 18 becomes constant as shown in Fig. 
3 . A current supplied from the battery 18 to the electric motor 
12 varies as shown in Fig. 3. 

To control the energization of the electric motor 12 by 
20 using an energization duty factor in accordance with the voltage 
of the battery 18 after the predetermined time T elapses since 
the start of the electric motor 12, the duty factor and the 
discharge amount whose parameter is the applied voltage in a 
state where the output hydraulic pressure of the master cylinder 
25 M is highest, that is, where the load on the electric motor 



12 is maximum have the relationship shown in Fig. 4. The 
energization duty factor to reserve the necessary discharge 
amount for the pumps 10A, 10B to rotate the electric motor 12 
is preset as shown in Fig. 5, based on the relationship shown 
5 in Fig. 4. The CPU 20 controls conduction/ interruption of the 
switching device 19 so as to perform duty factor control of 
the energization of the electric motor 12 by the battery 18 
by using the energization duty factor which is based on the 
map of Fig. 5. 

10 The operation of this embodiment will be described. In 

the steady rotation after the predetermined time T elapses since 
the start of the electric motor 12 in initial diagnosis or in 
operating the electric motor 12 to control an anti-lock brake, 
conduction/ interruption of the switching device 19 is 

15 controlled to control the energization amount of the electric 
motor 12 so that the energization duty factor in accordance 
with the voltage of the battery 18 will be obtained. This makes 
it possible to keep relatively low rotation speeds of the 
electric motor 12 and the pumps 10A, 10B. This reduces the 

20 operation sound of the electric motor 12 and the pumps 10A, 
10B abs well as saves power consumption. 

The discharge amounts of the pumps 10A, 10B are suppressed 
thus reducing the pulsing of the brake fluid back-flow to the 
master cylinder M. This alleviates the kickback to a brake 

25 pedal P in anti-lock braking thus improving the feel of brake 
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operation. 

Further, from when the electric motor 12 is started to 
when the predetermined time T elapses,, the energization duty 
factor of the electric motor 12 is 100% irrespective of voltage 
5 of the battery 18. Thus it is possible to prevent a start delay 
of the electric motor 12 by ensuring that a necessary start 
torque is obtained. 

While the embodiments of the invention are described 
hereinabove, the invention is not limited to the foregoing 
10 embodiments . Various design changes can be made in the 
invention without departing from the spirit and scope defined 
in the claims. 

As mentioned hereinabove, according to the invention, 
it is possible to prevent a start delay of an electric motor 
15 by ensuring that a necessary start torque is obtained. When 
the electric motor reaches steady rotation, it is possible to 
prevent the rotation speeds of the electric motor and the pumps 
from becoming higher than necessary thus reducing the operation 
sound and saving power consumption, 

20 
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